INTRODUCTION
Managing urinary tract malformations in neonates involves the problems of working on small and still immature anatomical structures. In this setting assessing renal function is not easy, spontaneous improvement can be expected and surgery is often challenging. This has prompted a conservative approach to many of these malformations. However, in case of obstructive uropathy, postponing surgery could cause an impairment of postnatal renal maturation and thus permanent loss of renal function that is otherwise salvageable [1] . For this reason transurethral incision (TUI) of ureteroceles, being a minimally invasive way to resolve impaired urinary flow, has become very popular as the initial treatment of ureteroceles in children and neonates [2, 3] . Indeed, there is general agreement about its effectiveness in treating single-system or intravesical ureteroceles, and whenever there is urosepsis or BOO [3] [4] [5] [6] [7] . However, controversies remain about its effectiveness in duplex-system ureteroceles (DSU) and especially when the ureterocele is ectopic [6] [7] [8] . Recent series reported that in this case patients initially treated with an endoscopic approach often required additional surgical procedures because of persistent VUR either in the lower pole or contralateral kidneys, de novo VUR in the punctured ureterocele moiety and/or a nonfunctioning upper pole [6, 7, [9] [10] [11] [12] . Moreover, opponents of TUI maintain that in a DSU the upper moiety function is often negligible and the potential for recovery poor, the parenchyma being almost always dysplastic [13] [14] [15] [16] . Thus the risk of secondary surgery would often overcome the advantage of retaining the upper pole, and thus primary total reconstruction [17] or upper pole nephrectomy [18] have been advised.
The aim of the present study was to analyse the role of endoscopic TUI as the initial management of DSU in neonates and to discuss if factors such as ureterocele position (intravesical or ectopic) or the presence of VUR before incision, affect the outcome and need for secondary surgery; the ideal surgical management based on present knowledge is discussed.
PATIENTS AND METHODS
The study included 41 neonates (29 female and 12 male) with a diagnosis of DSU referred to our institution between 1991 and 2001. The ureterocele was diagnosed by prenatal ultrasonography (US) in 31 (76%), during neonatal screening in eight (20%) and after a UTI in the remaining two (4%). The ureterocele was on the left in 23 cases (56%) and on the right in 18 (44%); none was
bilateral. Twenty-four (59%) were ectopic, according to the definition of the Terminology Committee of the American Academy of Pediatrics [19] (five protruding into the urethra, the others at the bladder neck). Definitive assignment to the intravesical or ectopic group was possible only after cystoscopy in 10 cases (25%). Before incision, voiding cysto-urethrography (VCUG) showed VUR in 20 (49%) cases, 13 (32%) in the lower moiety and seven (17%) in the contralateral ureter. None of the ureterocele moieties had VUR before TUI, while all of them had some degree of pelvic and/or calyceal dilatation associated with a parenchymal thinning on US; the latter also allowed visualization of the retrovesical ureter in 14 cases (35%).
The evaluation before TUI included only US and VCUG; low-dose antibiotic prophylaxis was administered to all children and was maintained until VCUG showed no reflux. TUI was performed during the first month of life in all cases (mean 2.7 weeks), through an 8 F cystoscope using a straightened loop of the resector. TUI consisted of a low transverse opening ( ª 2 mm) of the intravesical portion of the ureterocele at the level of the junction between the ureterocele and the bladder wall. Good drainage of the ureter was checked during TUI, watching urine coming from the incision site during an external compression on the homolateral flank, and after TUI by US. The same incision was created in intravesical and ectopic ureteroceles. No incision was made in the ureterocele portion encroaching the bladder neck or urethra.
The follow-up comprised US, VCUG and renal nuclear scintigraphy using MAG-3 and/or DMSA at 6 and 12 months after TUI. Thereafter, the policy was to tailor the management and subsequent follow-up to the features of each case. Those babies with good renal function and no VUR were considered cured, and followed with US every 6 months; VCUG was repeated only if clinically indicated. Low-grade reflux in contralateral ureters was managed with an endoscopic injection of a bulking agent. Ureteric reimplantation with ureterocele excision was used whenever VUR persisted in the ureterocele-bearing moiety at 6 months and 1 year on VCUG, whether the upper pole was visualized at scintigraphy, or if reflux persisted in any other moiety after endoscopic treatment. An upper pole partial nephrectomy was used whenever the 1-year renal scan showed no functioning in the upper pole. Patients with VUR in several moieties and poorly functioning upper poles were selected for total reconstruction.
Fisher's exact test was used to compare the results between intravesical and ectopic ureteroceles, with significance indicated at P < 0.05.
RESULTS
There were no intraoperative complications; US after TUI showed an effective urinary tract decompression (disappearance or significant improvement of uretero-hydronephrosis from before TUI) in all patients but one. In the latter a second puncture was successful. There was a mean increase in thickness of the renal parenchyma at the 1-year follow-up, from 3.4 to 6.3 mm.
After TUI there were various combinations of resolution and appearance of VUR in moieties with no ureterocele; the distribution of VUR before and after TUI is shown in Table 1 . Reflux ceased in eight ureters (six ipsilateral lower pole and two contralateral) while there was new VUR in three contralateral ureters. There was iatrogenic VUR in the ureterocele moieties in 13 patients (31%) after TUI; seven were ectopic and six intravesical ( P > 0.05). Ten patients eventually had bladder surgery and three resolved spontaneously.
Renal scintigraphy at 0.5 and 1 year showed no upper pole function in nine of the 41 patients (22%) and therefore the upper pole was removed. A nonfunctioning upper pole was more common in ectopic ureteroceles, but the difference between ectopic and intravesical was not significant ( P > 0.05). No pyelonephritis was recorded during the follow-up. After 6-12 months TUI cured 20 children (49%) while the remaining 21 (51%) required further surgery (Fig. 1) . Three (7%) had endoscopic treatment of VUR in the contralateral ureter and 17 (42%) an opening procedure. There was reflux only in the ureterocele-bearing ureter in four (10%), two having a functioning upper pole (ureterocele excision and unilateral reimplantation) while two had a nonfunctioning upper moiety (upper pole partial nephrectomy and ureteric stump removal if necessary).
Briefly, two children had complete reconstruction, including upper pole heminephrectomy, ureterocele excision and bilateral ureteric reimplantation. Seven 
There was no statistical difference in the secondary operation rate between intravesical and ectopic ureteroceles, considering each procedure or overall.
required an upper pole heminephroureterectomy, including two (5%) who also had total ureterectomy for a refluxing stump. Nine patients needed surgery only at the bladder level, i.e. ureterocele excision and ureteric reimplantation. Reimplantation was cross-trigonal according to Choen in seven (three bilateral and four unilateral) and according to Politano-Leadbetter in two (both bilateral). A reimplantation according to Politano-Leadbetter was selected in these two children because they had a small trigone. The upper pole was preserved in 32 children (78%); there was no difference in the secondsurgery rate between the intravesical and ectopic ureteroceles ( P > 0.05; Table 1 ). To the final follow-up none of the patients had vascular hypertension and none of the 28 aged > 4 years had urinary incontinence.
DISCUSSION
The endoscopic transurethral approach is the minimally invasive method for treating ureterocele; its effectiveness in resolving impaired urinary flow is reportedly 76-100%, the occurrence of de novo VUR in the punctured moiety 10-75%, and its effectiveness as a single-stage treatment 15-90% [9] [10] [11] [12] [20] [21] [22] [23] . Such variability may be a result both of technical aspects of the procedure or patient selection. For the former, currently it is well established that the incision should be made at the junction between the ureterocele and the bladder wall, to create a flap mechanism that avoids reflux after decompression. Creating a small opening seems to be another crucial factor to prevent reflux, but it also increases the risk of unsatisfactory ureteric decompression. The Bugbee electrode, ureteric catheter stylet wire, Collin knife and laser, either puncturing or incising the ureterocele, have all been used [2, 9, 11, 18, 22] . We adopted the straightened loop of the resectoscope to create a 2-4 mm wide low opening in the ureterocele. This allowed successful decompression in 98% of cases, whereas iatrogenic VUR appeared in 13 of 41 patients (32%). Notably, the same incision was used in both ectopic or intravesical ureteroceles, and the de novo reflux rate in the punctured moiety was no different in the two groups. In contrast to an initial report [9] , opening the ureterocele portion encroaching on or beyond the bladder neck is no longer advised [20] . Indeed, it only increases the risk of later reflux in the punctured moiety. However, no risk of BOO persists once the ureterocele collapses. This technical detail may partly explain the unfavourable outcome previously attributed to ectopic ureteroceles [9] .
The appearance of VUR in the punctured moiety is considered the most adverse effect of ureterocele incision, as it potentially commits the patient to bladder surgery that could be avoided using a different initial approach from the upper tract [18] . However, de novo VUR in the ureterocele-bearing ureter was the indication for surgery in two of the present patients only (5%). The remaining nine undergoing bladder surgery had associated VUR in a moiety with no ureterocele, persisting or appearing after puncture. We think that this feature is related to the effect of the ureterocele on the trigonal 
anatomy and the disappearance of a muscular backing of the trigone after ureterocele decompression. Therefore we suppose that the appearance of reflux in other moieties could not be avoided by an upper pole partial nephrectomy. Moreover, our impression is that such an effect is not strictly related to the size of the ureterocele but to its position with respect to the trigone, and is mostly unpredictable, as shown by the combination of resolving reflux or new VUR after incision.
We attempted the endoscopic treatment of VUR, i.e. a submucosal injection of bulking agents, only if there was VUR in the contralateral ureter after TUI. Chertin et al. [21] used the endoscopic correction of VUR systematically and only one of 16 patients failed to respond, requiring an open surgical reimplantation. Endoscopic treatment of VUR in the punctured ureterocele moiety was also proposed [24, 25] . Although we are sceptical about this solution, as we think that the lack of muscular backing is unlikely to improve with bulking agents alone, it has also been used successfully [21, 23] . The conservative treatment of refluxing ureters has also been reported more frequently. Using such an approach, Singh and Smith [26] noted that the tendency of patients to develop UTIs was unrelated to the presence of VUR; of 27 treated, 13 had VUR but never UTI, while three had UTI with no VUR. These authors therefore asked if reflux itself should be considered an indication for surgery.
The worst scenario after TUI is an isolated reflux in a nonfunctioning moiety; here, upper pole partial nephrectomy plus total ureterectomy could be required. Nevertheless, in our experience, this feature is rare, accounting for 5% of cases. Moreover, recent series suggest that a refluxing stump could be safely left in place, requiring additional surgery only in a few patients [27] [28] [29] . Further solutions could be the aforementioned endoscopic treatment or a heminephrectomy via a laparoscopic transperitoneal [30] or retroperitoneal [31] approach.
An argument often proposed against TUI in DSU is that the upper moiety is often dysplastic [13] [14] [15] , its function negligible [32] and the potential for recovery poor [16] . Nevertheless evidence supporting this view is contradictory. While some studies reported the presence of dysplasia in more than twothirds of upper pole specimens [13] [14] [15] , others found mainly inflammatory and obstructive changes [33] . Moreover, few studies have addressed specifically the problem in the neonatal setting, where a wider functional improvement could be possible. Smith et al. [32] reported a mean function after neonatal incision of 8.3%, and we wonder whether such function could be considered negligible, considering that the pole usually accounts for a third of the kidney (theoretical function 17%). We used no quantitative criterion to indicate partial nephrectomy, but the incidence of nonfunctioning poles in the present series, although slightly larger in the group with ectopic ureteroceles, was not statistically different in the two kinds of ureterocele. Nevertheless, the question is whether it is really necessary to remove a nonfunctioning upper pole whenever decompressed and not refluxing. According to the most recent trend, dysplastic renal tissue left in place is associated neither with a greater risk of malignancy nor with developing hypertension or infection [34] . Accordingly, five partial nephrectomies could have been avoided.
Recently some have proposed primary total reconstruction as the only effective singlestage treatment of DSU, at least in the presence of associated VUR [6, 7, 17] . Although we have no experience of this we agree that it seems to be the only approach able to address in one stage all the issues of a complex malformation like DSU. However, the feasibility of primary total reconstruction in experienced hands does not mean that it is not challenging and formidable when in widespread use. Furthermore, in the series of De Jong et al. [17] , after total reconstruction including also systematic bladder-neck plasty, 35% of patients required secondary surgery and 10% chronic antibiotic chemoprophylaxis because of recurrent UTIs, and 27.5% had dysfunctional voiding. An appealing solution could be a postponed primary reconstruction after a period of antibiotic prophylaxis. According to Husmann et al. [35] an initial observational approach would not increase the risk of BOO or UTIs. Nonetheless, the advantage of a single procedure should be weighed against the need for a double incision, particularly considering the reported evidence for a complete endoscopic, minimally invasive management of the disease [21] .
In conclusion, our results confirm that DSU are cured in one stage by TUI in about half of patients, whereas further surgery is required in the other half [12, 20] . The need for secondary surgery is particularly high when associated VUR is evident on VCUG before TUI [12, 36, 37] , and is caused exclusively by de novo VUR in the moiety bearing the ureterocele after TUI in a few cases (5%). In a further 5% de novo VUR appearing in a nonfunctioning moiety may require total ureterectomy. Although in our experience ectopic ureteroceles were more likely to have associated VUR or a nonfunctioning upper pole, in agreement with other recent series [21, 23] , there was no significant difference between intravesical and ectopic cases in the occurrence of VUR in the punctured moiety, the rate of nonfunctioning upper poles or need for secondary surgery. Therefore we think such a distinction is clinically useless, especially considering the need for cystoscopy for a definitive assessment in 25% of cases. In agreement with recent reports, the need for open secondary surgery could be drastically reduced by treating refluxing ureters endoscopically [21] or conservatively [26] and leaving in place nonfunctioning upper poles whenever drained by nonrefluxing ureters [34] , and refluxing stumps after partial nephrectomy [27] [28] [29] .
